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(54) EXHAUST GAS PURIFICATING APPARATUS BY PLASMA PROCESS 

(57)Abstract: 

PURPOSE: To provide an exhaust gas purificating 
apparatus by a plasma process by which a problem of 
contacting efficiency between a plasma and an exhaust 
gas and a problem of scale-up are simultaneously 
solved. 

CONSTITUTION: A reactor 10 provided with a 
discharging electrode 13 and a facing electrode 14 and a 
high voltage pulse electric source 12 connected with 
both electrodes 13 and 14, are provided. A non- 
equilibrium plasma 21 is generated by applying a high 
voltage pulse between both electrodes 13 and 14. The 
discharging electrode 13 consists of a supporting plate 
15 with the same area as that of the facing electrode 14 
and a number of downward discharging needles 16 
provided on the underface of the supporting plate 15. A 
lot of exhaust gas inlet holes 31 are provided on the 
supporting plate 15 and an exhaust gas flow path 30 
toward the facing electrode 14 from the supporting plate 
15 is in parallel to the developing direction of the plasma 
21. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It has a reactor with which it comes to prepare a discharge electrode and a 
counterelectrode in the interior of a gas duct, and a high-voltage pulse generating power supply 
connected to two electrodes. Nonequilibrium plasma is generated by impressing a high-voltage 
pulse continuously between two electrodes. In the plasma method exhaust gas purifying facility 
which converts a harmful gas component in exhaust gas into a gestalt or a harmless gestalt 
which is easy to carry out uptake while processed exhaust gas passes through the inside of a 
reactor The plasma method exhaust gas purifying facility characterized by forming an emission 
way where it consists of a support plate and a discharge needle with which two or more tips 
established in a support plate sharpened, an incurrent pore of processed exhaust gas is prepared 
in a support plate, and a discharge electrode faces to a counterelectrode from a support plate. 
[Claim 2] The plasma method exhaust gas purifying facility according to claim 1 with which a 
discharge electrode and a counterelectrode are prepared two or more pairs by turns, and an 
outflow hole of processed exhaust gas is prepared in each counterelectrode. 
[Claim 3] The plasma method exhaust gas purifying facility according to claim 1 with which a 
discharge electrode and a counterelectrode are prepared two or more pairs by turns, and each 
counterelectrode consists of a mesh-like electrode. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the plasma method exhaust gas purifying facility 
which is one of the means to purify the harmful matter contained in the exhaust gas discharged 
from the boiler for a generation of electrical energy, various combustion engines, a combustion 
furnace, etc. 
[0002] 

[Description of the Prior Art] The plasma method exhaust gas purifying facility is well-known 
(refer to official announcement patent official report No. 500020 [ Showa 63 to ] official report), 
and explains this principle with reference to drawing 5 . 

[0003] It sets to drawing 5 and is (1). The high-voltage pulse generating power supply for 
generating the plasma is shown, and it is (2). A wire mold discharge electrode and (3) A plate 
mold counterelectrode is shown. When the pulse peak voltage of 1kV - 500Kv, pulse-frequency 
10HZ - 250HZ, 1 nanosecond - 10 microseconds of pulse width, and the high-voltage pulse of 
100kV/nanosecond - 100v/nanosecond of build up time are continuously impressed between 
these two electrodes (2) and (3), it is nonequilibrium plasma (4) to inter-electrode. It generates. 
Exhaust gas which contains a harmful gas component in such a field (5) It is the plasma (4) when 
it leads. Various radicals occur. 

[0004] For the injurious ingredient in exhaust gas, CO is C02 by the reaction with this radical. 
SOx is S03. NOx is N02. It oxidizes and changes to a harmless gestalt or the gestalt which 
uptake is easy to be carried out. Moreover, the dioxin by which processed gas is contained in gas 
in the case of the exhaust gas from a refuse incinerator is decomposed and defanged. since a 
SOx component and an NOx component will change to solid-states, such as an ammonium 
sulfate and an ammonium nitrate or a calcium sulfate, and a calcium nitrate, respectively if 
ammonia, lime, etc. are blown into the inside of the reactor which these reactions have produced, 
or reactor back wash, emission gas purification is attained by preparing an electrical dust 
precipitator or a bag filter in back wash, and carrying out uptake of these to it. 
[0005] that drawing 6 indicates the modification of an electrode to be — it is — high-voltage 
pulse generating power supply (6) from — wire discharge electrode (7) Cylinder electrode (8) a 
high-voltage pulse — continuous — impressing — between two electrodes (7) and (8) — plasma 
(9) It is the thing of a type which makes it generate. Exhaust gas (5) Wire discharge electrode (7) 
Cylinder electrode (8) It passes in between. 
[0006] 

[Problem(s) to be Solved by the Invention] In what uses the wire mold discharge electrode 
shown in above-mentioned drawing 5 , and a plate mold counterelectrode Although it has the 
advantage that a scale-up is possible and a lot of offgas treatment can be performed by forming 
one electrode unit in the passage direction of exhaust gas by carrying out actual installation of 
many wires while lengthening a plate, and arranging two or more these electrode units in the 
passage direction and the direction of a right angle Since it has the feature which the plasma 
generates intermittently in the length direction of a wire, it has the problem which the portion of 
a non-dense is made to the plasma to generate, and is said that the contacting efficiency of the 
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plasma and exhaust gas is not good. 

[0007] Moreover, in some which use the wire mold discharge electrode shown in above- 
mentioned drawin g 6 , and a cylinder mold counterelectrode, since field strength is small, in order 
to process a lot of exhaust gas, the method of carrying out actual arrangement of many 
cylinders of the diameter of a small sum must be taken, and although the contacting efficiency of 
the plasma and exhaust gas is good, since wiring and an insulation of each electrode are 
complicated, there is a problem of not being suitable for a scale-up. 

[0008] The purpose of this invention is to offer the plasma method exhaust gas purifying facility 
which solved the problem of the contacting efficiency of the plasma and exhaust gas, and the 
problem of a scale-up to coincidence. 
[0009] 

[Means for Solving the Problem] A reactor with which, as for the plasma method exhaust gas 
purifying facility by this invention, it comes to prepare a discharge electrode and a 
counterelectrode in the interior of a gas duct, Have a high-voltage pulse generating power supply 
connected to two electrodes, and nonequilibrium plasma is generated by impressing a high- 
voltage pulse continuously between two electrodes. In the plasma method exhaust gas purifying 
facility which converts a harmful gas component in exhaust gas into a gestalt or a harmless 
gestalt which is easy to carry out uptake while processed exhaust gas passes through the inside 
of a reactor It is characterized by forming an emission way where it consists of a support plate 
and a discharge needle with which two or more tips established in a support plate sharpened, an 
incurrent pore of processed exhaust gas is prepared in a support plate, and a discharge 
electrode faces to a counterelectrode from a support plate. 

[0010] Although discharge needle's on support plate existence density is decided in 
consideration of dust concentration in discharge voltage, current, and exhaust gas, description of 
exhaust gas, etc., it is usually a 0.1-10[/square ] cm degree. Although the length of a discharge 
needle is also designed by arbitration according to terms and conditions, such as discharge 
voltage and current, a value between 0.1cm and 10cm is usually adopted. 

[001 1] As for magnitude and number of an incurrent pore of exhaust gas which are formed in a 
support plate, the sum of area of an incurrent pore is decided to become more than the cross 
section of an exhaust gas installation pipe. A configuration of an incurrent pore may be a round 
hole, or may be a long hole. 

[0012] It is desirable that a discharge electrode and a counterelectrode are prepared two or 
more pairs by turns, and an outflow hole of processed exhaust gas is prepared in each 
counterelectrode. Magnitude and number of exhaust gas outflow holes are decided like 
magnitude of an emission ON hole and a number which are formed in a support plate of a 
discharge electrode. 

[0013] A discharge electrode and a counterelectrode are prepared two or more pairs by turns, 

and you may make it each counterelectrode consist of a mesh-like electrode. 

[0014] 

[Function] In case the plasma method exhaust gas purifying facility by this invention adjusts and 
scales up the density of a discharge needle so that the portion of a non-dense may not be made 
to the plasma since a discharge electrode consists of a support plate and a discharge needle 
with which two or more tips established in the support plate sharpened, it enlarges area of a 
support plate. Moreover, the incurrent pore of exhaust gas is prepared in a support plate, the 
progress direction of the plasma generated since the emission way which faces to a 
counterelectrode from a support plate is formed becomes parallel to the flow of exhaust gas, and 
since the progress speed of the plasma to generate is quicker than the flow of exhaust gas, 
exhaust gas contacts the plasma in multistage. 
[0015] 

[Example] The example of this invention is explained with reference to a drawing below. 
[0016] Drawing 1 shows the 1st example of the plasma method exhaust gas purifying facility by 
this invention, and drawin g 2 shows the concept of the electrode for plasma generating. 
[0017] The plasma method exhaust gas purifying facility of the 1st example is equipped with the 
high-voltage pulse power supply (12) connected with the reactor (10) with which it comes to 
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prepare a discharge electrode (13) and a counterelectrode (14) in the interior of a gas duct (11) 
two electrodes (13) and (14). 

[0018] The introductory pipe (19) of processed exhaust gas (18) is prepared in the upper limit 
section of the left side wall of a reactor (10), and the discharge pipe (20) of processed exhaust 
gas (33) is prepared in this lower limit section. A discharge electrode (13) is arranged at a level 
with the upper part of a reactor (10), and the upper part of a discharge electrode (13) is made 
with exhaust gas installation space. The counterelectrode (14) forms the bottom wall of a 
reactor (10), and the discharge electrode (13) and the reactor (10) are electrically insulated by 
the ceramic for an insulation (32). 

[0019] A counterelectrode (14) is a plate mold and a discharge electrode (13) consists of a 
support plate (15) of the same area as a counterelectrode (14), and many downward discharge 
needles (16) formed in the support plate (15) inferior surface of tongue. Many emission ON holes 
(31) are prepared in the support plate (15) of a discharge electrode (13), and, thereby, the 
emission way (30) which faces to a counterelectrode (14) from a support plate (15) is formed in 
it. 

[0020] A discharge electrode (13) consists of a good conductive material, and the point of a 
discharge needle (1 6) has the diameter of 0.1cm - 1cm. It is more desirable for the point to be 
sharp although the diameter of the end face section of a discharge needle (16) is arbitrary. Field 
strength can be enlarged by making the point of a discharge needle (1 6) into the configuration 
where it sharpened. Although discharge needle's (16) on support plate (15) existence density is 
decided in consideration of the dust concentration in discharge voltage, current, and processed 
exhaust gas (18), the description of processed exhaust gas (18), etc., it is usually a 0.1 - 10 
[/square ] cm degree. Although the length of a discharge needle (16) is also designed by 
arbitration according to terms and conditions, such as discharge voltage and current, the value 
between 0.1cm and 10cm is usually adopted. 

[0021] As for the magnitude and the number of emission ON holes (31) which are formed in a 
support plate (15), the sum of the area of an incurrent pore (31) is decided to become more than 
the cross section of an emission close pipe (19). By doing in this way, in case exhaust gas (18) 
passes an emission ON hole (31), it is prevented that resistance loss occurs. The configuration 
of an incurrent pore (31) may be a round hole, or may be a long hole. 

[0022] The processed exhaust gas (18) containing NOx and SOx enters into a reactor (10) from 
an inflow pipe (19), and passes along the emission ON hole (31) of a support plate (15), it flows 
the emission way (30) between two electrodes (13) and (14) downward in parallel with a 
discharge needle (16), and defanging processing is carried out. Exhaust gas [ finishing / 
processing ] (33) is discharged out of a reactor (10) from an outflow pipe (20). 
[0023] Between a discharge electrode (13) and a counterelectrode (14), nonequilibrium plasma 
(pulse streamer corona) (21) has occurred by impressing a high-voltage pulse. Processed 
exhaust gas (18) contacts the plasma (21), while passing through the emission way (30) in a 
reactor (10), and thereby, various radicals generate it in exhaust gas. NOx and SOx in exhaust 
gas oxidize by this radical, and it is N02. S03 It changes. Thus, the processed exhaust gas (33) 
containing the harmful gas component which changed moves to the uptake section (illustration 
abbreviation) prepared in back wash through the outflow pipe (20). Since the progress direction 
of the plasma (21) to generate is parallel to the direction of an emission way (30), exhaust gas 
(18) and the plasma (21) contact continuously, and its processing effectiveness improves. 
Furthermore, since the progress speed of the plasma (21) to generate is quicker than the flow of 
the exhaust gas in an emission way (30), the plasma (21) is contacted in multistage, dissociation 
takes place, and processing effectiveness of exhaust gas processed improves further. 
[0024] although not illustrated to drawing 1 — N02 And S03 etc. — since gas reacts very well 
with alkaline material, for example, ammonia, or slaked lime, after it comes out of a duct, it is 
removed out of gas by the following methods in the uptake section. 

[0025] ** By blowing ammonia into gas, make an ammonium nitrate and an ammonium sulfate 
generate and carry out uptake with the electrostatic precipitator or bag filter further prepared in 
back wash. 

[0026] ** By blowing slaked lime into gas, make a calcium nitrate and a calcium sulfate generate 
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and carry out uptake with the electrostatic precipitator or bag filter further prepared in back 
wash. 

[0027] ** Lead to wet ******, and lime slurry or a sodium-hydroxide aqueous solution washes, 
and remove out of gas. 

[0028] In addition, it sets above and is NOx in exhaust gas N02 Although the example to carry 
out was explained, NOx is N2 by conditions. It may become. It is N2 when reducing agents, such 
as ammonia and a hydrocarbon, are made to live together in exhaust gas. Conversion becomes 
remarkable. In this case, although a reactor is made passed after blowing a reducing agent into 
reverse previously as the above-mentioned example, the effect by this invention does not 
change even in this case. 

[0029] Drawin g 3 shows the 2nd example of the plasma method exhaust gas purifying facility by 
this invention. In the plasma method exhaust gas purifying facility of the 2nd example, the 
discharge electrode (13) and the counterelectrode (14) are prepared two or more pairs by turns 
in the reactor (10). A discharge needle (16) is formed in both sides of the support plate (15) of a 
discharge electrode (13), and each electrode of both ends is made with the counterelectrode 

(14) . Many emission ON holes (31) are prepared as well as the 1st example at the support plate 

(15) of a discharge electrode (13), and many processed exhaust gas outflow holes (32) are 
prepared in the counterelectrode (14). 

[0030] The discharge electrode (13) and the reactor (10) outer wall are electrically insulated by 
the insulating material made from a ceramic. The lead wire (17) which connects a high-pressure 
pulse power supply (12), each electrode (13), and (14) is similarly insulated with the reactor (10) 
outer wall. 

[0031] The magnitude and the number of outflow holes (32) which are formed in a 
counterelectrode (14) are decided like the magnitude of an incurrent pore (31) and the number 
which are formed in the support plate (15) of a discharge electrode (13). 

[0032] With the equipment of the 2nd example, the processed exhaust gas (18) introduced into 
the reactor (10) from the introductory pipe (19) A connoisseur is passed [ hole / exhaust gas 
outflow / of each counterelectrode (14) / the emission ON hole (31) of the support plate (15) of 
each discharge electrode (13), and / (32) ] in parallel with a discharge needle (16) in between 
two electrodes (13) and (14) one by one, and defanging processing is carried out while passing 
along between all electrodes (13) and (14). Exhaust gas [ finishing / processing ] (33) is 
discharged out of a reactor (10) from a discharge pipe (20). 

[0033] Therefore, the time amount to which processed exhaust gas (18) contacts the plasma 
(21) becomes very long, and defanging processing of the exhaust gas is carried out very finely 
from installation before discharge. 

[0034] Drawing 4 shows the concept of the electrode for plasma generating of the 3rd example 
of the plasma method exhaust gas purifying facility by this invention. 

[0035] The electrode for plasma generating of the plasma method exhaust gas purifying facility 
of the 3rd example consists of the same discharge electrode (13) as the 1st example, and a 
mesh-like counterelectrode (34). And the emission way (30) which faces to a counterelectrode 
(34) from the support plate (15) of a discharge electrode (13) is formed. These electrodes (13) 
and two or more pairs of (33) are prepared by turns as well as the plasma method exhaust gas 
purifying facility of the 2nd example shown in drawing 3 . 

[0036] It is discharged, after processed exhaust gas's (18)'s having between the emission ON 
hole (31) of the support plate (15) of each discharge electrode (13), and the meshes of each 
counterelectrode (33) passed, passing a connoisseur in parallel with a discharge needle (16) in 
between two electrodes (13) and (33) one by one and passing along between all electrodes (13) 
and (33) by the equipment of the 3rd example. Therefore, the time amount to which exhaust gas 
(18) contacts the plasma (21) becomes very long, and defanging processing of the exhaust gas is 
carried out very finely from installation before discharge. 
[0037] 

[Effect of the Invention] Since according to the plasma method exhaust gas purifying facility of 
this invention the density of a discharge needle can be adjusted so that the portion of a non- 
dense may not be made to the plasma, the contacting efficiency of the plasma and exhaust gas 
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is good. And since the progress direction of the plasma to generate contacts the plasma in 
[ exhaust gas ] multistage in parallel with the flow of exhaust gas, the contact time of exhaust 
gas and the plasma is acquired enough, and processing effectiveness improves. Moreover, since 
what is necessary is just to enlarge area of a support plate in case it scales up, a scale-up is 
made easily. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the vertical cross section showing roughly the plasma method exhaust gas 
purifying facility by this invention. 

[Drawing 2] It is the perspective diagram showing the concept of the electrode for plasma 
generating in this equipment. 

[Drawing 3] It is a notch **** perspective diagram about the part which shows roughly other 
examples of the plasma method exhaust gas purifying facility by this invention. 
[Drawing 4] It is the perspective diagram showing the concept of other examples of the 
electrode for plasma generating. 

[Drawing 5] It is the perspective diagram showing the concept of the electrode for plasma 
generating in the conventional plasma method exhaust gas purifying facility. 
[Drawing 6] It is the perspective diagram showing the concept of the electrode for plasma 
generating in the conventional plasma method exhaust gas purifying facility. 
[Description of Notations] 

(1 0) Reactor 

(11) Gas duct 

(1 2) High-pressure pulse power supply 

(13) Discharge electrode 

(14) (34) Counterelectrode 

(1 5) Support plate 

(16) Discharge needle 
(18) Exhaust gas 
(21) Plasma 

(30) Emission way 

(31) Emission ON hole 

(32) Exhaust gas outflow hole 



[Translation done.] 
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(57) Abstract 

PURPOSE: To provide an exhaust 
gas purificating apparatus by a 
plasma process by which a problem 
of contacting efficiency between a 
plasma and an exhaust gas and a 
problem of scale-up are 
simultaneously solved. 

CONSTITUTION: A reactor 10 
provided with a discharging 
electrode 1 3 and a facing electrode 
1 4 and a high voltage pulse electric 
source 12 connected with both 
electrodes 13 and 14, are provided. 
A non-equilibrium plasma 21 is 
generated by applying a high voltage 
pulse between both electrodes 13 
and 14. The discharging electrode 
1 3 consists of a supporting plate 1 5 
with the same area as that of the 
facing electrode 14 and a number of 
downward discharging needles 16 
provided on the underface of the 
supporting plate 1 5. A lot of exhaust 
gas inlet holes 31 are provided on 
the supporting plate 15 and an 
exhaust gas flow path 30 toward the 
facing electrode 14 from the 
supporting plate 1 5 is in parallel to 
the developing direction of the 
plasma 21. 
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